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Description 

METHOD OF CONFLICT AVOIDANCE IN 

FABRICATION OF GATE-SHRINK 
ALTERNATING PHASE SHIFTING MASKS 

Background of Invention 

[0001] The present invention is directed to the manufacture of 
masks used in the lithographic production of integrated 
circuits and, in particular, to the manufacture of alternat- 
ing phase shifting masks (altPSMs). 

[0002] As an alternative to chrome on glass (COG) masks used in 
the lithographic production of integrated circuits, alter- 
nating phase shifting masks (altPSMs) have been em- 
ployed in order to increase the resolution of the critical 
active area patterns projected. Such increased resolution 
enables smaller line widths to be exposed on the resist 
and consequently etched into or deposited on the wafer 
substrate. This is done by manipulating the electric field 
vector or phase of the energy beam, e.g., visible or ultra- 
violet light, used in the lithographic process. This phase 



variation is achieved in PSMs by modifying the length that 
a light beam travels through the mask material. By recess- 
ing the mask to an appropriate depth, light traversing the 
thinner portion of the mask and light traversing the 
thicker portion of the masks will be 180° out of phase, 
that is, their electric field vector will be of equal magni- 
tude, but point in exactly the opposite direction, so that 
any interaction between these light beams results in per- 
fect cancellation. The benefit of using altPSM to image 
narrow lines with extremely tight dimensional control has 
been extensively documented. 
[0003] a commonly used approach to exploit the benefits of 

altPSM while minimizing the layout impact, is to focus the 
altPSM design exclusively on the most resolution and line- 
width-control sensitive portions of an integrated circuit 
chip layout. One widely used application of this approach 
is called gate-shrink altPSM in which altPSM segments are 
applied only to the imaging of the actual transistors in a 
poly-conductor level, while all the poly-wiring structures 
(e.g., polysilicon over isolation) are imaged with less lay- 
out invasive techniques, such as COG. Limiting the use of 
altPSM only to the poly-gate, i.e. the region of the layout 
defined by the polysilicon-diffusion intersection vastly 



simplifies the design process by limiting the target layout 
patterns to relatively basic rectangular shapes in well- 
defined proximity environments. 
[0004] However, since the transition regions from altPSM to non- 
altPSM imaged layout portions suffer from poor image 
quality and dimensional control, it is normally a lithogra- 
phy optimization goal to apply altPSM to large, uninter- 
rupted segments of the layout. One means of balancing 
the desire of applying altPSM widely to large portions of 
the layout, while at the same time containing the altPSM 
shapes to a simple local environment, is described in the 
SPIE publication "Alternating Phase Shifted Mask for Logic 
Gate Levels, Design and Mask Manufacturing" authored in 
part by one of the inventors of the instant application. The 
drawback of the iterative localization described in this 
publication is the enormous computational effort and re- 
sulting long runtimes involved in repeatedly deriving and 

checking altPSM solutions. 
Summary of Invention 

[0005] Bearing in mind the problems and deficiencies of the prior 
art, it is therefore an object of the present invention to 
formulate a gate-shrink altPSM design solution that local- 
izes the application of altPSM for enhanced lithographic 



performance. 

[0006] it is another object of the present invention to provide a 
method of designing an alternating phase shifting mask 
for projecting an image of an integrated circuit design 
that is particularly useful in gate-shrink applications. 

[0007] a further object of the invention is to provide a method of 
designing an alternating phase shifting mask that can be 
automated to quickly and easily avoid phase shifting seg- 
ment conflict. 

[0008] still other objects and advantages of the invention will in 
part be obvious and will in part be apparent from the 
specification. 

[0009] The above and other objects, which will be apparent to 
those skilled in art, are achieved in the present invention 
which is directed to a method of designing a layout of an 
alternating phase shifting mask for projecting an image of 
an integrated circuit design. The method comprises ini- 
tially providing a design of an integrated circuit layout 
having a plurality of features to be projected using alter- 
nating phase shifting segments, including a feature hav- 
ing a critical width along a length thereof that extends 
beyond another feature. The method also provides alter- 
nating phase shift design rules based on alternating phase 



shift design parameters comprising minimum phase 
width, minimum phase-to-phase spacing, and minimum 
extension of critical width beyond another feature. The 
method then includes identifying portions of the inte- 
grated circuit layout having a critical width feature that vi- 
olate the alternating phase shift design rules, and re- 
designing the critical width feature in the integrated cir- 
cuit layout that violates the alternating phase shift design 
rules by reducing the length that the critical width feature 
extends beyond the other feature to the minimum exten- 
sion. The method further includes generating an alternat- 
ing phase shifting mask layout with the reduced length of 
the critical width feature in conformance with the alter- 
nating phase shift design rules. 
[0010] Preferably, the feature having a critical width along a 

length thereof comprises a gate-shrink region of a tran- 
sistor, and the other feature is a diffusion region of a 
transistor. 

[0011] | n another aspect, the present invention is directed to a 
method of designing an alternating phase shifting mask 
for projecting an image of an integrated circuit design 
comprising providing a design of an integrated circuit lay- 
out having a plurality of features to be projected using al- 



ternating phase shifting segments, including a feature 
having a critical width along a length thereof. For each of 
the features, the method includes determining ideal alter- 
nating phase shifting segments shapes to be included in 
an alternating phase shifting mask for projecting the fea- 
ture, and identifying a conflict between an alternating 
phase shifting segment shape for the feature having the 
critical width along a length thereof and another alternat- 
ing phase shifting segment shape, prior to fabricating the 
alternating phase shifting mask. The method then in- 
cludes restricting length of the alternating phase shifting 
segment shape for the feature having the critical width 
along a length thereof to eliminate the conflict, and fabri- 
cating the alternating phase shifting mask with the re- 
stricted length of the alternating phase shifting segment 
shape for projecting the feature having the critical width 
along a length thereof. 
[0012] Restricting length of the alternating phase shifting seg- 
ment shape for the feature having the critical width along 
a length thereof preferably comprises reducing the length 
of the critical width portion of the feature, in accordance 
with design rule tolerances. The method may further in- 
clude restricting length of the other alternating phase 



shifting segment shape to eliminate the conflict. 
[0013] The method may also include fabricating a mask with an 
opaque shape for projecting the portion of the feature 
length not projected by the restricted length of the alter- 
nating phase shifting segment shape. Where the feature 
having the critical width along a length thereof to be pro- 
jected has a portion at the critical width and a portion at a 
wider, non-critical width, and the additional mask has an 
opaque portion to project the non-critical width portion of 
the feature. 

[0014] where the other alternating phase shifting segment shape 
is for projecting a gate-shrink region of a transistor, the 
method may further include restricting length of the other 
alternating phase shifting segment shape to eliminate the 
conflict. 

[0015] | n a further aspect, the present invention is directed to a 
program storage device readable by a machine, tangibly 
embodying a program of instructions executable by the 
machine to perform the aforementioned method steps for 
designing a layout of an alternating phase shifting mask. 
The integrated circuit layout has a plurality of features to 
be projected using alternating phase shifting segments, 
including a feature having a critical width along a length 



thereof that extends beyond another feature, and the al- 
ternating phase shifting mask is to be used to project an 
image of an integrated circuit design. The present inven- 
tion is also directed to an article of manufacture compris- 
ing a computer-usable medium having computer readable 
program code means embodied therein for practicing the 

aforementioned method steps. 
Brief Description of Drawings 

[0016] The features of the invention believed to be novel and the 
elements characteristic of the invention are set forth with 
particularity in the appended claims. The figures are for 
illustration purposes only and are not drawn to scale. The 
invention itself, however, both as to organization and 
method of operation, may best be understood by refer- 
ence to the detailed description which follows taken in 
conjunction with the accompanying drawings in which: 

[0017] pig. 1 is a top plan view of one layer of a transistor design 
to be projected and developed on a resist layer, incorpo- 
rating non-critical width lines. 

[0018] pig. 2 is a top plan view of a re-design of the transistor of 
Fig. 1, wherein one of the lines is replaced with a critical 
width line, to create a gate-shrink region. 

[0019] Fig. 3 is a top plan view of a re-design of the transistor of 



Fig. 2, showing the ideal layout of alternating phase shift- 
ing segments to create the critical width line, including a 
gate-shrink region. 

[0020] pig. 4 is a top plan view of the alternating phase shifting 
segments of Fig. 3 in conflict with alternating phase shift- 
ing segments used to create another device. 

[0021] pig. 5 is a top plan view of the device design, incorporat- 
ing non-critical width lines, intended to be re-designed 
and projected by the alternating phase shifting segments 
of Fig. 4. 

[0022] Fig. 6 is a top plan view of a re-design of the devices of 
Fig. 5, wherein a portion of the critical width line is re- 
designed and replaced with a non-critical width line por- 
tion. 

[0023] Fig. 7 is a top plan view showing the layout of alternating 
phase shifting segments to create the re-design of the 
devices of Fig. 6. 

[0024] Fig. 8 is a top plan view of the alternating phase shifting 
segments of Fig. 3 in conflict with another set of alternat- 
ing phase shifting segments used to create another de- 
vice. 

[0025] Fig. 9 is a top plan view of the design of the devices in- 
tended to be projected by the conflicted alternating phase 



shifting segments of Fig. 8, using non-critical width lines. 

[0026] pig. 10 is a top plan view of a re-design of the devices of 
Fig. 9, wherein a portion of the non-critical width lines are 
re-designed and replaced with a critical width line por- 
tion, including gate-shrink regions. 

[0027] pig. 11 is a top plan view showing the layout of alternating 
phase shifting segments to create the re-design of the 
devices of Fig. 10. 

[0028] Fig. 12 is a schematic view of an electronic design au- 
tomation (EDA) tool or computer containing program code 
for in a program storage device for executing the method 
of designing an altPSM in accordance with the present in- 
vention. 
Detailed Description 

[0029] | n describing the preferred embodiment of the present in- 
vention, reference will be made herein to Figs. 1-12 of the 
drawings in which like numerals refer to like features of 
the invention. 

[0030] The method of designing an alternating phase shifting 
mask of the present invention is most useful in connec- 
tion with integrated circuit design features in which the 
critical width is in the gate region of a transistor. Fig. 1 
depicts the region in the vicinity of a transistor design 20 



to be projected onto a resist layer, and subsequently de- 
veloped for productions of the features in an integrated 
circuit. Transistor design 20 includes a design of a con- 
ductive line 28 and, perpendicular to line 28, a design of a 
line 26 forming a gate region 26' between source and 
drain diffusion regions 22 and 24, respectively. Line 26 
extends beyond the diffusion region, so that line end 26a 
is a distance d beyond the diffusion region. This extension 
length d beyond the gate is selected by the integrated cir- 
cuit designer based on various conventional design man- 
ual criteria, for example, to accommodate overlay shifts 
between contacts on layers above and below the layer de- 
picted in Fig. 1. 

[0031] | n order to improve the performance of the transistor, the 
integrated circuit designer may determine that the width 
of transistor gate 26' (in the horizontal direction as de- 
picted in the figures) needs to be reduced. Accordingly, 
this gate-shrink design is depicted in Fig. 2, where line 
126 forming the gate, extending perpendicularly from line 
28, is considerably reduced in width along its entire 
length so that gate region 126' is also reduced in width. 
The length of line 126 is not affected by this gate-shrink 
redesign and still has end 126a extending distance d be- 



yond the diffusion region 22, 24. In such redesign the de- 
signer may optionally increase the width of line 28 as de- 
picted by 28a. 

[0032] where the width of gate-shrink 126' is at the critical di- 
mension (also referred to herein as the critical width), for 
example a width of about 60nm (approximately 0.25 x 
(wavelength/numerical aperture)), it becomes necessary to 
utilize alternating phase shifting mask segments in order 
to obtain the lithographic resolution needed to create the 
critical width gate. (As used herein, critical dimension 
refers to any dimension smaller than the smallest dimen- 
sion that can be printed within a specified tolerance by a 
lithographic process without the need for a resolution en- 
hancement technique such as alternating phase shift mask 
lithography). As shown in Fig. 3, alternating phase shifting 
segment 30 and 32 have the shape depicted therein in or- 
der to shift the phase of the visible or ultraviolet light 
used in lithographic exposure of the resist layer, and 
cause a 180° phase differential. This results in the de- 
structive interference that prints line 126 with the desired 
critical width. The difference in phase shifting is depicted 
by the different direction of the diagonal lines between 
phase shifting segments 30 and 32. If, for example, phase 



shifting segment 30 imparts a 0° phase shift to the light, 
region 32 would impart a 180° phase shift to the light. 
Likewise, if region 30 imparted a 90° phase shift to the 
light, region 32 would impart a 270° phase shift to the 
light. The alternating phase shifting regions 30 and 32 
shrink the width of the entire length of line 126, to avoid 
introducing jogs into the line design, which may introduce 
other problems. As a result, the length of the phase shift- 
ing segments 30, 32 (in the vertical direction as shown in 
the figure) is essentially the same as that of the line 126 
whose image is to be projected, and the phase shifting 
shapes have ends 30a and 32a also extending a distance 
d beyond diffusion region 22, 24. The width of the phase 
shifting segments 30, 32 (horizontally as shown in the 
figure) may be varied depending on the lithographic pa- 
rameters and type of phase shifting mask material em- 
ployed, and has a minimum phase width for the wafer, 
mask and lithographic system utilized. The phase- 
to-phase space, or distance between phase shifting re- 
gions, also may be varied and also has a minimum de- 
pending on the system utilized. 
[0033] while Fig. 3 depicts the ideal alternating phase shifting 
segments 30 and 32 for gate-shrink line 126, typically 



other alternating phase shifting segment shapes may be 
simultaneously designed for other nearby features in the 
integrated circuit design. Such alternating phase shifting 
segment shapes for other features are shown in Fig. 4, 
wherein alternating phase shifting segments 40 and 42 
having the shapes shown are designed to create and 
project the image for a line 144 having a gate region 144'. 
As with alternating phase shifting segments 30 and 32, 
alternating phase shifting segments 40 and 42 impart 
light transmission with a 180° phase shift as indicated by 
the different diagonal hatched lines. While the alternating 
phase shifting segment shapes for the two line 126 and 
144 were designed in isolation, i.e., without considering 
other nearby features, when combined in a mask design 
to reflect the actual confluence of lines 126 and 124, 
there can be identified a conflict between the different al- 
ternating phase shifting segment shapes. Such a conflict 
is identified in the overlapping regions of the two different 
sets of alternating phase shifting segment shapes 30, 32 
and 40, 42. Preferably for phase mask correctness, phase 
shifting segment shapes 30 and 32, have ends 30a and 
32a respectively at a distance d from diffusion regions 22, 
24, to allow for a gate extension to the end of the line, 



and a legal phase-to-phase end space of at least c to al- 
low for a maximum gate extension past diffusion, plus a 
legal phase-to-phase end. When the space is smaller, 
phase shifters that are generated independently for each 
individual gate interact, causing a phase coloring conflict. 
To avoid such conflict, either edge 40a of phase shifting 
segment 40 or phase end edge 32a of alternating phase 
shifting segment 32 should be retracted to effect a sepa- 
ration. This retraction should be implemented within the 
constraints of mask and lithographical rules, i.e., one 
could not arbitrarily narrow the width of the phase shifter. 
[0034] | n accordance with the present invention, prior to gener- 
ating the alternating phase shifting mask layout, there 
should be identified potential phase conflict areas based 
on relatively simple design rules. Fig. 5 depicts the fea- 
tures that are to be printed by the alternating phase shift- 
ing regions 40, 42 of Fig. 4. As shown in Fig. 5, where line 
44 passes through transistor diffusion region 43 to form 
gate 44', there is distance f between line 44 and diffusion 
regions 22, 24. If this distance f, from the gate end to a 
perpendicular gate space is less than the phase width plus 
the phase-to-phase space plus the full phase extension 
beyond the diffusion region, a conflict exists under the 



design rules of the present invention. For the layout of 
Fig. 5 to work, distance f would have to be at least the 
sum of the minimum phase width (down from gate 44') 
plus one minimum phase-to-phase space (to properly 
separate the phase shape from the horizontal gate 44' and 
the vertical gate 26') plus the phase extension needed be- 
yond diffusion regions 22, 24. This extension may have 
some maximum value determined by the system utilized. 
If space f is less than this sum, the phase shifting seg- 
ments or shapes for projecting gates 44' and 26' will 
merge, and thus conflict. 
[0035] | n the example depicted in Figs. 4 and 5, such a conflict 
does exist with the printing of gate line 126. To resolve 
the conflict, as shown in Fig. 6, line 126 is redesigned to 
have a restricted gate-shrink extension beyond the poly 
diffusion intersection, i.e., the end of diffusion regions 22, 
24 in the direction of the detected conflict. In this exam- 
ple, the line design is altered so that the decreased width 
line 126 extends only a distance e beyond diffusion re- 
gions 22, 24, and the remainder of the line extending to 
end 26a has its original larger width, before the gate- 
shrink alteration was made. The calculation of a smaller 
distance e that produces the minimum tolerable gate- 



shrink extension beyond the diffusion region to avoid a 
conflict is based on process assumptions, for example, 
polysilicon-diffusion overlay and phase-end shortening 
effects. If the jog from the narrow width polysilicon line 
126' to the wider polysilicon line 26a is too close to the 
edge of the diffusion regions 22, 24, a displacement due 
to wafer overlay errors could move the jog over the active 
area of the gate, causing poor channel length control. 
Also, since the narrow gate portion of the polysilicon line 
is imaged by two juxtaposed rectangular phase shapes, 
any patterning errors on those phase shapes could result 
in channel length variation. In general, the most promi- 
nent patterning problems are corner rounding and short- 
ening of the phase shapes, both requiring the phase 
shapes to extend a distance beyond the edge of the diffu- 
sion region. Accordingly, the critical width of line 126 
which forms gate 126', needs to extend only to end 126b 
which is distance e from the diffusion region. 
[0036] | n V j ew 0 f the design change to line 126, the distance that 
alternating phase shifting segments 30 and 32 need to 
extend beyond the diffusion region is also reduced, as 
depicted in Fig. 7. There, alternating phase shifting region 
ends 30'a and 32'a extend only a distance e beyond diffu- 



sion regions 22, 24, while end 26a of line 126 extends the 
original design distance d. Since the alternating phase 
shifting segment 30, 32 will not project any line image 
essentially beyond the distance e, to project the remaining 
portion of line 126 through end 26a at its wider width, a 
conventional opaque mask segment is employed, such as 
a chrome on glass (COG) mask segment. This COG mask 
segment may be placed on the alternating phase shifting 
mask or on a secondary trim mask to be used in sequence 
with the alternating phase shifting mask. The resulting al- 
ternating phase shifting segment designs shown in Fig. 7 
contain the phase shape generation, 30, 32, within the re- 
duced gate-shrink region and avoid a phase conflict with 
alternating phase shifting segment 40. 
[0037] Another conflict between alternating phase shifting seg- 
ments is depicted in Fig. 8. In this instance, alternating 
phase shifting segments 50, 52 and 54, were ideally de- 
signed in isolation to create reduced width lines 170, 172 
and produce gate-shrink regions 170' and 172' respec- 
tively. When combined with the alternating phase shifting 
regions for original transistor 20, a conflict occurs. 
Specifically, near ends 50a, 52a and 54a of alternating 
phase shifting segments 50, 52 and 54, respectively, 



when ideally positioned, are distance c from diffusion re- 
gions 22, 24, which distance is less than distance d over 
which the alternating phase shifting segment 30, 32 ex- 
tend from the same diffusion region. Thus, a conflict ex- 
ists between alternating phase shifting segment end 52a 
and alternating phase shifting segment ends 30a and 32a. 
[0038] pig. 9 depicts the features that are to be printed by the al- 
ternating phase shifting regions 50, 52, 54 of Fig. 8. Par- 
allel lines 70, 72 of conventional width pass through dif- 
fusion region 62 and form gate regions 70', 72', respec- 
tively. Diffusion region 62 is spaced from diffusion re- 
gions 22, 24 by distance h. Gates 70', 72' are spaced by 
distance j, and line end 26a is closest to diffusion region 
62 and separated therefrom by distance g. In this in- 
stance, the identification of potential phase shift conflict 
areas is based on more elaborate rules than those used in 
the previous example. For example, the design rules de- 
tect a conflict if the space between gate end and the space 
between parallel gates at the separation is less than that 
of two times the phase width plus the phase space, and 
less than the phase space plus two times the full phase 
extension. In other words, if gates 70' and 72' are sepa- 
rated by less than two minimum phase widths plus one 



minimum phase-to-phase space, the entire space j will be 
filled by one continuous phase shifting segment or shape, 
thereby preventing any phase transition in this region. If 
line end 26a is too close to this space that is entirely filled 
by a continuous phase shape, it will be forced to have the 
same phase on both sides of the line, which is an error. If 
gates 70', 72' are spaced far enough apart that the space 
identified by j can support a phase transition, line end 26a 
can penetrate into this space without a conflict of the two 
different phase shapes need to project it. Given that dis- 
tance j is too small to allow two different phase shapes 
with proper spacing, the bottom gate 26' and top gates 
70', 72' need to be independently phase shiftable, i.e., the 
phase shapes of gate 26' need to be one minimum phase- 
to-phase space removed from the top phase shapes. 
Phases from the bottom 26 and top 70, 72 lines merge if 
space h is less than two times the distance that the phase 
is extended beyond the edge of their respective diffusion 
regions (which could be to the end of the lines 26a, 70a, 
72a, respectively) plus one minimum phase-to-phase 
space. 

[0039] jo resolve the conflict, the portions of the gate lines 
which are narrowed to the critical width are reduced in 



length, based on process assumption such as the polysili- 
con/diffusion overlay and phase-end shortening effects as 
described previously. The extension of critical width line 
126 beyond the gate-shrink portion 126' is again re- 
stricted so that the end 126b of the critical width portion 
is distance e beyond the polysilicon diffusion intersection, 
in the direction of the detected conflict. Likewise, for 
gate-shrink regions 170', 172', the extension of critical 
width lines 170, 172 beyond diffusion region 62 is also 
restricted so that the extension of the ends 170b, 172b of 
the critical width portion of the lines is reduced to dis- 
tance k beyond diffusion region 62, in the direction of the 
detected conflict. This leaves for all three extensions from 
the gate-shrink regions 126', 170' and 172', the end por- 
tions 26a, 70a, 72a remaining at their original widths, 
which are considerably wider than the critical width di- 
mension. While this introduces jogs into the layout of the 
line, such jogs are a necessary trade-off and reduce the 
more serious conflicts of the alternating phase shift mask 
segment which would be introduced otherwise. 
[0040] The changes in the alternating phase shifting segments is 
shown in Fig. 11, where segments 30 and 32 have ends 
30'a and 32'a, respectively, at a distance e from diffusion 



regions 22, 24. Segments 50, 52 and 54 have ends 50'a, 
52'a and 54'a, respectively, at a distance k from diffusion 
region 62. No conflict now exists between the alternating 
phase shifting segments. As before, the wider line end 
portions 26a, 70a, 72a are projected by conventional COG 
formed onto a mask. In this example as before, the phase 
shift generation is contained within the reduced gate- 
shrink region to avoid a phase conflict. 
[0041] The method of the present invention for designing an al- 
ternating phase shifting mask may be implemented by a 
computer program or software incorporating the process 
steps and instructions described above in otherwise con- 
ventional program code and stored on an electronic de- 
sign automation (EDA) tool or an otherwise conventional 
program storage device. As shown in Fig. 12, the program 
code, as well as any input information required, may be 
stored in EDA tool or computer 80 on program storage 
device 82, such as a semiconductor chip, a read-only 
memory, magnetic media such as a diskette or computer 
hard drive, or optical media such as a CD or DVD ROM. 
Computer system 80 has a microprocessor 84 for reading 
and executing the stored program code in device 82 in 
the manner described above. 



[0042] Following design of the layout of the phase shifting seg- 
ments in accordance with the aforementioned examples, 
the altPSMs are then fabricated by conventional, well- 
known methods using the conflict-avoiding alternating 
phase shifting segment shapes described herein. 

[0043] while the present invention has been particularly de- 
scribed, in conjunction with a specific preferred embodi- 
ment, it is evident that many alternatives, modifications 
and variations will be apparent to those skilled in the art 
in light of the foregoing description. It is therefore con- 
templated that the appended claims will embrace any such 
alternatives, modifications and variations as falling within 
the true scope and spirit of the present invention. 

[0044] Thus, having described the invention, what is claimed is: 



